This paper attempts to address two related questions. The first question is how sensitive U.S. firms' investment location decisions are to tax rate differences across countries. Finding the answer to this question clearly is important for determining the revenue and efficiency consequences of many tax policies. The second question is whether the location of investment abroad by U.S. firms has become more sensitive to tax rate differences across countries. A finding that investment location decisions have become more sensitive to tax rates would be consistent with the view that technological advances and the loosening of trade restrictions and capital controls have in recent years increased the ease with which capital can cross national borders. If different locations became closer substitutes for the location of production, it would not be surprising if investment location decisions became increasingly responsive to tax considerations.
more sensitive to tax rates over the period spanned by our two sample years. The second benefit is that we can control for unmeasured country fixed effects.
Our data come from the information forms filed with the tax returns of U.S. parent corporations on each controlled foreign corporation (CFC) abroad. 1 This information form, to be described more fully later, includes details from the balance sheets and income statements of CFCs. We aggregate these data up to country level and combine it with information from a variety of other sources to control for nontax features of different locations. The data include information for almost sixty countries. We limit our analysis to the manufacturing CFCs of U.S. manufacturing parents.
Following the earlier studies by Grubert and Mutti (1991, 1997) and Hines and Rice (1994) , we regress a measure of U.S. multinational firms' real capital in each country on tax rate variables and measures of nontax characteristics of each country. The focus is on the effect of differences in host-country tax rates on investment choices across foreign locations, not on the choice between investing at home or abroad. Our work has two main findings. First, we find large estimated tax elasticities for investment abroad. Controlling for country fixed effects produces tax elasticities that are slightly larger and more precisely estimated than those from our singleyear cross sections. Second, our results suggest that the location of real capital in manufacturing affiliates has become more sensitive to tax rates in the period from 1984 to 1992. Our basic estimates indicate that the elasticity of real capital to changes in after-tax returns increased from about 1.5 in 1984 to 2.8 in 1992 (for countries with the most open trade regimes). Both the elasticities and the difference between them are statistically significant at standard levels.
We perform a variety of tests to check the robustness of our elasticity estimates. With few exceptions, the magnitude and significance of our 1992 and 1984 elasticities changes little when we screen our sample in various ways or change the measure of host-country taxes. The difference between the 1984 and 1992 elasticities is large in absolute terms and is statistically significant; and its absolute and statistical significance is robust to our sensitivity checks.
The remainder of the paper is organized as follows. Section 1.1 contains a brief review of studies using cross-sectional data to estimate tax effects on location decisions of U.S. multinational corporations. We highlight the elasticity estimates in previous studies and note that they provide suggestive but inconclusive evidence that investment location has become more sensitive to tax rates in recent years. Section 1.2 describes the data and 1. A CFC is a foreign corporation that is at least 50 percent owned by a group of U.S. shareholders, each of whom has at least a 10 percent interest in the company. In fact, most of the CFCs in our sample are 100 percent owned by the U.S. parent corporation.
how our tax and capital measures are constructed from the U.S. Department of the Treasury tax files. Empirical results are contained in section 1.3, and the final section presents our conclusions.
A Brief Review of the Recent Literature
While early studies of the responsiveness of U.S. direct investment to after-tax rates of return used aggregate time series data, 2 the most recent work in this area exploits cross-sectional data. In this section, we review the three studies that relate most directly to our approach: Grubert and Mutti (1991) , Hines and Rice (1994) , and . All three papers contain estimates of the effect of local taxes on the allocation of real capital. While the tax variable in these papers is similar (each uses a measure of average effective tax rates), it appears in different forms in the estimating equations, making the comparison of estimated tax effects difficult.
Both Grubert and Mutti (1991) and Hines and Rice (1994) use the 1982 benchmark data on U.S. direct investment abroad from the Bureau of Economic Analysis (BEA). One important difference between these two papers is the sample studied. Grubert and Mutti analyze the allocation of capital by manufacturing affiliates of U.S. parents across thirty-three host countries; the focus of Hines and Rice is on the activity of U.S. multinationals in tax havens. Their sample includes all majority owned nonbank affiliates of U.S. parents, which results in a larger set of countries (seventythree), more than half of which (forty-one) are tax havens with little real capital. 3 Grubert and Mutti (1991) regress the log of the net stock of property, plant, and equipment (PPE) on two different forms of the average effective tax rate: the log of 1 minus the tax rate, and the inverse of the tax rate. The first specification gives a (constant) tax elasticity that measures the sensitivity of the demand for real capital to changes in after-tax returns (for a given pretax return) or, alternatively, to changes in the cost of capital (for given after-tax returns). The second specification allows for larger tax effects at lower tax rates. Using the first specification, Grubert and Mutti estimate tax elasticities that range from 1.5 (for all manufacturing affiliates) to 2 (for majority owned manufacturing affiliates) but that were statistically not highly significant. The inverse formulation, however, produced a highly significant tax coefficient of Ϫ0.11. At lower tax rates, this tax effect is particularly strong. Grubert and Mutti report that reducing local tax rates from 20 to 10 percent will increase U.S. affiliates' net plant and equipment in a country by 65 percent. Hines and Rice (1994) regress the log of PPE on host-country average tax rates. The coefficient on their tax term is Ϫ3.3 and is significantly different from 0. 4 This coefficient suggests that at their mean tax rate of 31 percent, a 1 percent increase in after-tax returns leads to a 2.3 percent increase in the real capital stock of U.S. affiliates. Hines and Rice's inclusion of the tax haven countries, as well as their examining the allocation of capital in all nonbank affiliates, may be responsible for their higher estimated elasticity.
The most recent analysis of the effects of taxes on investment location decision of U.S. multinational firms is . They estimate tax elasticities using country-and firm-level cross-sectional data on the manufacturing affiliates of U.S. manufacturing parents in sixty locations from the 1992 U.S. Department of the Treasury tax file. As in their previous study, they enter the tax variable in log (1 Ϫ t) form.
When compared to the results of their previous paper, the estimates from suggest that the location of capital may have become more sensitive to differences in after-tax returns between 1982 and 1992. Using the aggregated country-level data, they estimate a tax elasticity that is greater than 3 (for open economies) and is statistically highly significant. Using the firm-level data, they calculate a combined elasticity measure that takes into account the probability of choosing to locate capital in a country and the amount of capital invested into account. They report a combined elasticity of capital to after-tax returns for open economies of about 3.
To summarize, the results of previous work with cross-sectional data indicate that taxes have a significant impact on the investment location decisions of U.S. multinational firms. In addition, a rough comparison of the elasticity estimates suggests that these decisions may have become more sensitive to host-country tax rates in recent years; however, the validity of this comparison is questionable, since the estimates were derived from different data sources.
The Data
Our principal source of data is the body of U.S. Department of the Treasury corporate tax files compiled by the Statistics of Income (SOI) 4. Hines and Rice (1994) also report results of regressions that include both the tax rate and the square of the tax rate as explanatory variables. However, the squared tax rate is not significantly different from zero. division of the Internal Revenue Service. This data set is derived from a variety of tax and information forms filed by U.S. parent corporations. Many of the data necessary for our analysis come from the Form 5471, which reports on the activities of each CFC of a U.S. parent. This form, which U.S. parents must file for each of their CFCs, reports subsidiarylevel information on assets, taxes paid, earnings and profits, and other information from balance sheets and income statements.
Information from the Form 5471 is compiled only in even years and was available to us from 1980 through 1992. However, the level of detail recorded from this form on the SOI files differs from year to year. For example, both the 1984 and 1992 files provide information on the composition of assets from the balance sheet portion of the Form 5471, whereas the files from other sample years do not. The interval from 1984 to 1992 is particularly appropriate for our study, since it covers a period of large declines in effective tax rates in some locations abroad. 5 We use the information in the remaining even years between 1980 and 1992 to calculate country average effective tax rates. These effective tax rates are used in various forms as independent variables in our regressions.
We restrict our sample to the manufacturing CFCs of all large U.S. manufacturing corporations. 6 We aggregate the subsidiary-level information from the Form 5471 across parents by country. 7 One advantage of using country-level data is that such data eliminate some of the complicated statistical problems associated with subsidiary-level data-for example, the problems that arise from using data that are truncated at zero when errors may be correlated across observations within a country because of omitted variables. A drawback is that we lose information on the characteristics of the parent corporations that may affect their location decisions.
Aggregating across subsidiaries in each country leaves us with data for 5. This period also straddles that of the U.S. Tax Reform Act of 1986, which made significant changes in U.S. taxation of both domestic and international business. Our analysis considers the choice of investment across foreign locations, not between domestic and foreign locations. However, we allow the intercept in our estimates to vary by year, which to some extent may capture the effect of changes in U.S. taxes over the time period. Some evidence of the responsiveness of foreign investment to changes in U.S. tax rates is provided in Harris (1993) . He finds that firms that were most negatively impacted by the 1986 tax reform responded by increasing their investment abroad.
6. Although beyond the scope of this project, it is possible that the behavior of firms in the manufacturing industry differs from those in other industries. As discussed in section 1.1, the difference between the estimates of the elasticity of property, plant, and equipment to average host-country tax rates found in Grubert and Mutti (1991) and Hines and Rice (1994) may be due to the inclusion of nonbank affiliates in the latter study. Given the focus of this paper on the location of real capital, it seemed appropriate to limit the sample to data from manufacturing affiliates.
7. The 1984 sample includes all U.S. corporations with at least one CFC and total assets greater than $250 million. All U.S. corporations with at least $500 million in assets were included in the 1992 sample. fifty-eight locations for 1984 and 1992. 8 Our two cross sections are "unlinked" in that there is no requirement that the same parents (or the same CFCs) appear in both years of data. We also experimented with a sample drawn from a panel that contains only those CFCs associated with parents that appear in both years. 9 We report results using this linked data set in our sensitivity analysis. 10 We augment the Form 5471 data with country-specific information from some other sources to help control for countries' nontax characteristics that may affect location decisions. We obtained population, GDP, and inflation data from the International Monetary Fund International Financial Statistics (International Monetary Fund 1984 , 1992 supplemented in a few cases by information from statistics from the United Nations. As in , we use the trade regime classification developed in the World Development Report (World Bank 1987) to control for the degree of openness of each country's economy. This measure is based on observations from 1973 to 1985 of (1) the country's effective rate of protection, (2) its use of direct controls such as quotas, (3) its use of exports, and (4) the extent of any overvaluation of its exchange rate. The variable runs from 0 (most open) to 3 (most restrictive). Unfortunately, there is only one observation of this measure-it has not been updated for the years after 1985.
Before turning to our empirical results, we briefly discuss how we use the Form 5471 information to calculate effective tax rates and to measure real capital. These variables are reported in appendix tables 1A.1 and 1A.2.
Measuring Assets
Our measure of real capital in each year is composed of end-of-year depreciable assets (plant and equipment) and inventories from the balance sheet information reported on the Form 5471. Because parents are required to report subsidiary assets according to U.S. accounting principles, these figures are not distorted by host-country incentives such as accelerated depreciation. However, the asset measures reflect historical book values and therefore may be affected by local inflation and exchange rates. 11 Another potential problem with our real capital measure is that the 8. Locations for which there were fewer than five CFCs were eliminated from the analysis. This left us with sixty locations. Our analysis was further limited to fifty-eight countries because we were unable to locate complete information for Taiwan and the Cayman Islands. 9. The link is based largely on employer identification numbers (EINs), but a special effort using corporate names was made to identify large companies whose EINs may have changed. Companies may disappear because of mergers and may appear because they moved over the threshold for inclusion during our time interval.
10. Our unlinked panel has, however, some advantages over the linked panel. For example, if a parent disappears due to a merger, the unlinked country totals will contain both the parent's 1984 and 1992 assets and income.
11. In some cases the parent may maintain historical values in terms of dollars originally invested (particularly in locations with hyperinflation), but this is not mandated. assets reported by a CFC may not be located in the country in which the CFC is incorporated. This problem is especially serious in tax haven countries, which are often hosts to holding companies and financial CFCs. Including only manufacturing affiliates in our country data helps mitigate this problem. In addition, we investigate how our results are affected when we remove countries that are likely to be tax havens from the analysis.
Measuring Effective Tax Rates
We calculated the average effective tax rate for manufacturing CFCs incorporated in each country by dividing total income taxes paid by total earnings and profits. 12 Both variables appear on the Form 5471. Parent corporations must report their CFCs' earnings and profits using the definition provided by the U.S. Internal Revenue Code. This measure of earnings and profits is meant to reflect net economic income, not host-country (or domestic U.S.) taxable income, which would be affected by investment incentives such as accelerated depreciation. 13 One potential problem with our country average effective tax rate calculations, particularly in small countries with few CFCs, is that they appear to contain noise. We were particularly concerned about the 1984 effective tax rates. Appendix table 1A.3 reports the results of regressing previousyear average effective tax rates on 1986 and 1990 average effective tax rates. We found that the 1982 effective tax rates are better predictors of 1986 effective tax rates than are the 1984 rates. To diminish the role of the 1984 effective tax rates in our analysis, we averaged them with effective tax rates from the previous two even years. For consistency, we average the 1992 effective tax rates with those from 1990 and 1988. We also experiment with using lagged effective tax rates.
Another potential problem with our effective tax rate measures is that they may be correlated with inflation, because depreciation allowances are based on the historic costs of assets. In addition to including inflation as an explanatory variable, we also checked the relation between differences in inflation and differences in effective tax rates. We found that the change in inflation between 1984 and 1992 explains less than 4 percent of the variation in our effective tax rate variables.
A further issue is that average effective tax rates are, to some extent, endogenous to investment decisions. The effective tax rate in a country 12. Only CFCs with positive income were included in the calculation; otherwise, the tax measure would be biased upward. As indicated, only income taxes are included in the average effective tax rate measure. However, foreign affiliates operating in host countries are sometimes also subject to property and assets taxes. These taxes may also influence the investment patterns of U.S. multinationals. Our data do not permit us to identify these taxes.
13. As noted in , earnings and profits on the Form 5471 seem very close to book income (which is also reported). may be low in a given year because of a recent increase in investment activity in that country that qualifies for investment incentives, such as accelerated depreciation, that accrue early in an investment's life. 14 One approach to avoiding this potential endogeneity problem is to replace average effective tax rates with statutory rates. Although statutory rates have the virtue of being exogenous to investment decisions, they do not reflect all the variation in the tax advantages of investment in different locations because they do not measure tax base differences across countries. Statutory rates also do not capture ad hoc deals between host countries and individual foreign investors. For this reason, statutory rates are better indicators of the advantages of placing financial capital in a location and the gains to income shifting. Nevertheless, we use statutory rates as well as instrumental variable techniques to test the sensitivity of our results to alternative measures of taxes. We collected country statutory tax rates from the Price Waterhouse (1984 Waterhouse ( , 1992 guides.
Given that we are implicitly modeling investment decisions, it might seem appropriate to use host-country marginal effective tax rates rather than average effective tax rates. Marginal effective tax rates were not available for many of the countries included in our sample. Even if Hall-Jorgenson-King-Fullerton marginal effective tax rates as they are usually modelled were calculated for all the countries and both years in our sample, it is not clear that they would be superior at capturing the effects of taxes on investment location decisions. As discussed previously by others, there are serious drawbacks to the use of marginal effective tax rates. For example, taking into account all of the feature of tax systems that are important for investment decisions in the calculation of marginal effective rates is generally not feasible. There may be features of tax codes that are difficult to model (such as the alternative minimum tax in the United States), tax incentives that apply to only some regions of countries, and ad hoc deals between companies and host countries. Finally, the formulas used to compute Hall-Jorgenson-King-Fullerton tax rates are sensitive to the required rate of return assumed.
The tax variable used in the location equations, the local average effective tax rate, tends to overstate the cross-country variation in tax burdens, and thus to understate the true investment elasticity. For one thing, multinational corporations can allocate more debt to high (statutory) tax locations, diluting the impact of the local tax on net equity income. In addition, the tax variable does not include the residual U.S. tax on repatriations from each location. 15 If anything, residual U.S. taxes would tend to even out differences in tax rates across the countries; if a company's foreign tax credits do not fully offset its U.S. tax liability on repatriated income, additional repatriations from a low-tax country trigger an additional U.S. tax, while repatriations from countries with a tax rate above the U.S. rate yield a bonus because some of the foreign tax credits can shield other income (see for a discussion of this issue).
Variation in Effective Tax Rates across Countries and Time
Our empirical strategy relies on the existence of variation in effective tax rates across countries and across our time period. Fortunately, this was a period of intense tax reform activity around the world. Along with the United States, many countries reduced their corporate tax rates (including Canada, the United Kingdom, France, Belgium, and the Netherlands). These reforms resulted in substantial declines in average effective tax rates for U.S. CFCs between 1984 and 1992. 16 Table 1.1 provides information on the mean and standard deviation of average effective tax rates (for manufacturing) for the fifty-eight locations in our data set. The table shows that average effective tax rates in our sample steadily declined between 1980 and 1992. In addition, the standard deviation of average effective tax rates was greater than 11 percent in each year. We also calculated the variation in country average effective tax rates 15. See or Grubert (1998) for a detailed description of repatriation taxes.
16. Grubert, Randolph, and Rousslang (1996) found that there was a substantial decrease in the average foreign tax rate faced by U.S. multinationals on repatriated income between 1984 and 1992. They conclude that the decrease in average foreign tax rates (from 36 percent in 1984 to 25 percent in 1992) was due primarily to reductions in country average effective tax rates and not to changes in income repatriation patterns. across years. We found that average effective tax rates in manufacturing fell by more than 10 percentage points between 1984 and 1992. The standard deviation of the change was 17 percentage points, indicating substantial variation in the change in tax rates. 17
Estimation Results
For our estimates we use a reduced-form model that follows the model used in and is similar to the models used in Grubert and Mutti (1991) and Hines and Rice (1994) .The model assumes that the derived demand for capital by multinational firms in a country is a function of after-tax rates of return and exogenous country characteristics that affect supply and demand (such as GDP and GDP per capita). 18 This reduced-form relation between tax rates and investment in real capital would result from a standard partial equilibrium economic model in which parent firms allocate capital abroad to maximize after-tax returns.
(1) const
where i indicates countries, subscript t indicates the year of analysis (t ϭ 1984 or 1992), K is real capital, Z is a vector of nontax country characteristics, t is the tax variable, and TRADE is the trade policy variable. Notice that our tax variable is interacted with the trade variable (which also appears by itself in the vector Z) to control for the possibility that the benefit of low tax rates may be smaller in more restrictive trade regimes. Thus, the estimated coefficient ␤ describes the elasticity of total real capital with respect to after-tax returns (for a given pretax return), for the most open regimes (in which the trade variable is zero). We use log GDP and log population as scale variables to reflect the economic size of each country. Since we use the log form, we are implicitly controlling for differences in GDP per capita across countries.
17. As will be explained shortly, we use differences in effective tax rates averaged over three years, lagged effective tax rates, and statutory tax rates in our regression analysis. The decline in effective tax rates averaged over the years 1980, 1982, and 1984 , and in effective tax rates averaged over the years 1988, 1990, and 1992 , was 11 percentage points with a standard deviation of 12. Average effective tax rates fell by 9.5 percentage points (with a standard deviation of 15) between 1982 and 1990. Finally, statutory tax rates fell almost 14 percentage points between 1984 and 1992 with a standard deviation of 14.
18. We recognize that there may be general equilibrium responses in factor returns that affect the role of taxes in multinational behavior. As Gordon (1986) shows in a small country model with homogeneous capital and perfect mobility of portfolio capital, any increase in the local tax rate on capital is offset by lower local wage costs; but, as discussed in , many features of a more realistic model would diminish or even reverse this general equilibrium response. In any case, if the Gordon (1986) model is valid, we should observe no effect of local taxes on the location of multinational corporations. Indeed, bringing potential U.S. tax credits into the picture would predict that U.S. companies should locate in high-tax countries. Table 1 .2 presents our main results. 19 The first column reports regression results for the 1992 cross section. We include regional dummies to control for unmeasured geographic characteristics. 20 Our results indicate that the open regime tax elasticity is 2.7 and is highly significant. The trade regime variable is also highly significant and negative, indicating the adverse effect of trade restrictions on the desirability of a location for investment. As expected, the presence of trade restrictions lessens the responsiveness to lower tax rates: The trade-tax interaction term is negative and significant at the 5 percent level. Although we included inflation as an independent variable in other estimates, we do not report these results in the table because inflation rates had no effect on the tax variables and were never a significant explanatory variable.
Single-Year Cross-Sectional Analysis
The analogous regression for 1984 is presented in the second column of table 1.2. In contrast to the 1992 results, neither the tax term nor the tradetax interaction term is significant at conventional levels in the 1984 cross section. In addition, the coefficient on the tax term in the 1984 regression is (about) half the size of that in the 1992 regression.
Before turning to the fixed effects estimates, we pool the data and test whether the coefficients on the log(1 Ϫ t) terms are statistically different from each other in 1984 and 1992. We restrict all of the coefficients except the ones on log(1 Ϫ t) terms to be equal; an F-test does not reject this specification.
The pooled regression results appear in column (3) 21 Interestingly, in the pooled regression, the 1992 coefficient decreases in size and significance; the opposite is true of the 1984 coefficient, which is now significant at the 10 percent level. In addition, the difference between the rates, although still large, is not statistically significant. Controlling for country fixed effects will increase the precision of these estimates if our tax terms are correlated with omitted nontax country variables. To the 19. Since the number and size of CFCs differ across countries in our data set, we report White-corrected standard errors to correct for heteroskedasticity.
20. The excluded countries are a highly heterogeneous group that includes African, Scandinavian, and Middle Eastern countries, among others.
21. The standard error comes from the analogous regression in which YEAR84 ϭ 1 for the 1992 observations. extent that these omitted variables do not vary over time, we can control for their fixed effects by estimating the model in first difference form.
Controlling for Permanent Nontax Features of Different Locations
As in the pooled regression, we allow the tax coefficients to differ over time. This gives the following model in difference form:
(2) const (1) and (2) present estimated coefficients from regressions using cross-sectional data for 1992 and 1984, respectively. Column (3) presents estimated coefficients using pooled data from the 1984 and 1992 cross sections. Column (4) presents estimated coefficients from a regression of first differences of the 1984 and 1992 cross-sectional data. "Ave ETR for 1988-92" is equal to the country average effective tax rate averaged over 1988, 1990, and 1992 . "Ave ETR for 1980-84" is equal to the country average effective tax rate averaged over 1980, 1982, and 1984 . "Difference in log(1ϪAve ETR)" equals "log(1ϪAve ETR for 1988-92)" minus log ( 
By rearranging this equation as follows we can test directly whether tax elasticities have changed over time while controlling for country fixed effects:
(3) const 
The fourth column of table 1.2 presents estimates of equation (3); summary statistics on the regression variables are presented in appendix table 1A.4. Three main findings emerge. First, the 1992 elasticity increases substantially in magnitude (from 2.21 to 2.77). 22 Second, the 1984 coefficient also becomes larger (from 1.42 to 1.53) and is more precisely estimated. 23 And finally, the difference in elasticities is greater than 1 and is significant at the 5 percent level, indicating that the location of real manufacturing capital by manufacturing firms may indeed have become more sensitive to tax rates. 24 These results indicate that the estimates in column (3) may have been affected by correlation between the tax rate variable and omitted country characteristics.
Notice that by including a constant term in this regression, we have assumed that the constant terms in the yearly regressions are not identical. It is interesting to note that the constant is positive and highly significant (and remains so in all the estimates). Among other things, this term may be controlling for changes in both tax and nontax factors that affected the 22 Rosanne Altshuler, Harry Grubert, and T. Scott Newlon 22. We can also calculate a weighted elasticity that reflects the effects of the trade restrictions. Adjusting the elasticity by trade regime using the 1992 real capital stocks as weights gives a slightly lower tax elasticity of 2.64. 23. To test the significance of the 1984 rate we ran the same regression as in equation (3) but with log(1 Ϫ t i,92 ) instead of log(1 Ϫ t i,84 ) entered separately. The result is presented in the last row of table 1.2.
24. Although our estimation results strongly indicate that the tax elasticities are not the same in our two sample years, we also estimated the fixed effects model that constrains the tax elasticities to be equal in 1984 and 1992. To do this we simply dropped the 1984 tax term log(1 Ϫ t i,84 ) from the right-hand side of equation (3). The coefficient on the tax term in this regression was 2.1 (which is the average of the 1984 and 1992 estimated elasticities in column [4] of table 1.2) and was statistically different from zero at the 1 percent confidence level. The estimated coefficients and standard errors on the trade-tax interaction term and the population and GDP variables changed insignificantly. Dropping the trade-tax interaction variable from the constrained model (regressing the difference in capital stocks on a constant term, the difference in the tax terms, the difference in population, and the difference in GDP) lowered both the magnitude and the significance of the tax coefficient (from 2.1 and statistically significant at the 1 percent level to 1.3 and statistically significant at the 10 percent level), had little impact on the size or significance of the population coefficient estimate, and increased both the size and significance of the GDP coefficient estimate. attractiveness of the United States relative to other countries as a location for investment. Apart from globalization, another possible explanation for the increased tax sensitivity of investment after 1984 is the change in companies' excess foreign tax credit expectations as a result of the Tax Reform Act of 1986, which lowered the U.S. rate from 46 to 34 percent. If there were no changes in behavior by companies or reactions by foreign governments, the number of companies with excess foreign tax credits would have expanded dramatically. If a company moves into an excess credit position, its effective tax burden in a high-tax country goes up because repatriations do not provide a bonus in terms of usable tax credits, while the effective tax burden in low-tax countries declines because there is no residual U.S. tax. Therefore, a large increase in the proportion of parent companies in excess credit positions could be responsible for the increase in the sensitivity of investment decisions to after-tax returns over our time period. However, research using data from the tax returns of U.S. multinationals shows about the same proportion of foreign source income associated with parents in excess credit positions in 1992 as in 1984. Grubert, Randolph, and Rousslang (1996) report that although the fraction of foreign source income associated with parents in excess credit positions increased from 33 percent in 1984 to 66 percent in 1990, it was only 35 percent by 1992. 25 Although there may have been a temporary effect on investment abroad, it is unlikely that the decrease in the U.S. statutory tax rate plays an important role in explaining our results. 26 In fact, recent research reported in Grubert and Mutti (1999) suggests that repatriation taxes play no role in explaining investment location decisions.
Alternative Specifications of the Difference Regression
We experimented with a few different specifications of this regression that are not reported in the table. As was the case in the previous formulation, including the difference in inflation rates in this regression had no effect on the tax elasticities. We also tested whether the trade-tax interaction term is different in the two time periods by adding the 1984 trade-tax term. This additional variable had no impact on the tax effects and was 25. The foreign tax credit is calculated separately for different types ("baskets") of foreign source income. These figures refer to the percentage of foreign source income in the general basket associated with excess credit parents. This basket, which accounted for more than 80 percent of foreign source income in 1992, contains income earned through the active conduct of business abroad. For further details, see Grubert, Randolph, and Rousslang (1996) .
26. As mentioned in n. 16, Grubert, Randolph, and Rousslang (1996) conclude from their investigation of multinational tax returns that decreases in country average tax rates are largely responsible for the somewhat surprisingly small increase in the portion of foreign source income held by firms in excess credit positions. The United States was one of many countries that enacted corporate tax-lowering reforms in the late 1980s. For example, as reported in n. 17, we found that statutory tax rates fell by more than 14 percentage points between 1984 and 1992. not significantly different from zero. In addition, we dropped the trade-tax interaction terms from the regression to determine whether our results are sensitive to their inclusion. 27 Without the trade-tax term, the 1984 elasticity loses its significance (at conventional levels) and the magnitude of both elasticities diminishes slightly: 2.18 for 1992 and .87 for 1984. However, the 1992 elasticity and the difference between the elasticities remain highly significant at above the 5 percent level.
As in Hines and Rice (1994) , we also entered our average effective tax rate variables in the linear form. When average effective tax rates appear on the right-hand side instead of the log of 1 minus the average effective tax rate, the coefficients on the 1992, 1984,and difference in tax terms are Ϫ4.23, Ϫ2.63, and 1.60, respectively. All three terms are statistically different from zero at the 5 percent level or better. At the mean tax rates for 1992 and 1984 given in table 1.1, these coefficients imply that a 1 percent increase in after-tax returns in a country would increase the real capital stock held by U.S. affiliates in that country by 3.2 percent in 1992 and 1.7 percent in 1984. When squared tax terms are added, their coefficients are positive, not negative as would be expected if the logarithm specification is exactly correct, but they are not statistically significant. There seems to be greater tax sensitivity at low tax rates than would be suggested by the log specification, but in any case, there does not seem to be much substantive difference between the double log and semilog specifications. Given this fact, we prefer the log specification because it yields coefficients that can be directly interpreted as elasticities.
Sensitivity Analysis
The remaining two tables test the robustness of the results in column (4) to differences in the tax variables (table 1. 3) and the sample (table 1.4) used. In particular, we focus on the significance of the two elasticities and the difference between them. The results are generally consistent with those just presented, although the 1984 tax elasticity is not always statistically significant.
In the first column of table 1.3, we replace the three-year average effective tax rates with lagged effective tax rates. This eliminates the noise contained in the 1984 tax rates, but by eliminating the averaging of tax rates over three years it may also increase the noise in the tax rate variable. Using lagged tax rates yields a slightly smaller tax coefficient for 1992. Although the difference between the two tax coefficients is smaller, it is still statistically different from zero at a 5 percent confidence level. One pos-27. We also ran the regression using only the twenty-two countries for which the trade variable equaled zero. While the difference between the two estimated elasticities remains larger than one, the magnitude of the two elasticities decreases slightly. Both the 1992 tax coefficient and the coefficient on the difference between tax rates remain significant at conventional levels. However, the 1984 tax coefficient loses significance at the 10 percent level. sible reason for the decrease in the magnitude of the difference in elasticities is that the 1988 rates no longer receive any weight in the analysis. Table  1 .1 shows that the big drop in rates occurred between 1988 and 1990. Averaging in 1988 with 1990 and 1992 may have led to an underestimation of the tax rate change between 1984 and 1992 and an overestimate of the responsiveness of investment to the change.
As previously discussed, a potential problem with the average effective tax rates is that they are endogenous to investment decisions. The effective tax rate in a country may be low in one year because of a recent increase in investment activity in that country. Using statutory tax rates eliminates this potential endogeneity problem. At the same time, though, statutory rates do not capture the effects of tax base differences across countries. The second column shows that our qualitative results are unaffected by this measure of taxes-both the 1992 tax elasticity and the difference in elasticities are positive and significant. However, the 1984 elasticity is no longer statistically significant. Notice that the magnitude of the tax coefficients decreases, suggesting that investment location decisions are more responsive to differences in average effective tax rates than to differences in statutory rates. An alternative way of addressing the endogeneity problem is to use an instrumental variables approach. In column (3), we present estimates that use statutory tax rates as instruments for average effective tax rates. Using instrumented tax rates had little effect on our coefficient estimates but increased our standard errors significantly. In fact, column (3) shows that neither elasticity was significantly different from zero at standard levels. These results suggest that the statutory rates do not adequately capture the variation in the component of effective tax rates that explain location choices. Table 1 .4 shows the results of a series of experiments in which we restrict the sample in different ways. To test whether outliers played a significant role in our regressions we restricted the sample to include only countries with populations greater than 1 million (fifty-six countries), eliminated countries for which the difference of three-year average effective tax rates was greater than 0.35 and less than Ϫ0.10 (three countries), and deleted countries for which the difference in the log of the capital stocks between 1992 and 1984 was greater than 2 or less than Ϫ0.5 (this eliminates the five countries in which capital stocks grew more than 700 percent or contracted by more than 40 percent). Column (1) shows that our main findings are not the result of activities in tax havens. The elasticities and the difference between them change little in magnitude or statistical significance. Removing countries with large changes in average effective tax rates from the sample decreases the magnitude and significance of the tax coefficients, although the 1992 elasticity and the difference between the two elasticities remain significant at the 5 percent level or better (see column [2] ). Countries experiencing large changes in the real capital stocks of U.S. manufacturing affiliates have an impact on the magnitude of our tax elasticity estimates and the difference between them. However, all three coefficients are still significant at the 10 percent level or better.
Finally, in the last column we report results from the linked panel, which contains the same parents in both years. This panel contains about twothirds of the parents in our unlinked data. Both the 1984 and 1992 elastici-ties and the difference between them are large and statistically highly significant in this panel.
Conclusion
Measuring the extent to which host-country taxes affect the allocation of multinationals' foreign direct investment across foreign jurisdictions has been an active area of research in international taxation. The most recent studies indicate that taxes exert a strong influence on location decisions. Our estimates, using two years of data from the U.S. Department of the Treasury tax files, provide additional evidence that the foreign investment of manufacturing firms is sensitive to differences in host-country tax rates. Unlike in previous estimates, however, in ours we control for any (permanent) differences in nontax features of countries that may be correlated with host-country tax rates.
Our estimates with country fixed effects produce tax elasticities that are large in magnitude and generally precisely estimated. Our basic estimates yield an elasticity of real capital to after-tax rates of return of close to 3 in 1992 and about 1.5 in 1984; both are significant at standard levels. Comparing these elasticities to those estimated from a model in which the two years of data are simply pooled together without controlling for country fixed effects shows the importance of taking these effects into account. Both the 1984 and 1992 elasticities increase in magnitude and in significance.
The increase of more than one in the estimated elasticities from 1984 to 1992 also suggests that the allocation of real capital held in manufacturing affiliates abroad by manufacturing parents may have become more sensitive to differences in host-country taxes in recent years. This would be consistent with increasing international mobility of capital and globalization of production. Controlling for fixed effects is again important, since the difference between the 1984 and 1992 elasticities is statistically significant when country fixed effects are taken into account, but not otherwise. Note: "Ave ETR" is the country average effective tax rate. "Ave ETR for 1988-92" is equal to the country average effective tax rate averaged over 1988, 1990, and 1992 . "Ave ETR for 1980-84" is equal to the country average effective tax rate averaged over 1980, 1982, and 1984 . The trade regime variable, "TRADE," runs from 0 (most open) to 3 (most restrictive). Cummins, Hassett, and Hubbard (1996) and Hartman (1984) (see also the survey by Hines 1996) . The first uses publicly available data but models the capital decision of the firm based on a cost of capital-taxes are incorporated following the Jorgenson-Hall approach. The second example uses reduced-form equations that look at capital decisions on a more aggregated level (by country), with decisions being related to proxies for the return on capital and the average rate of tax (taxes divided by profits of the firm). The paper by Altshuler, Grubert, and Newlon is an ambitious study that follows the approach of . It has the advantage of using a rich source of data that provide values of capital, taxes, and profits of U.S. manufacturing subsidiaries operating in close to sixty countries, spanning the years 1980 to 1992. The authors regress investment on average tax rates that are measured as corporate income taxes divided by book profits. In my comments I will provide a brief overview of the econometric model and, thereafter, a critique of the use of average tax rates in investment equations.
The Basic Econometric Model
The econometric model presented in the paper is a parsimonious fixed effects model. It involves regressing the aggregated manufacturing capital stock of a country on tax rate variables, a single-year measure of the openness of the economy, GDP, and regional dummies. Most of the variables had their expected effects on the location of capital.
Rather than try to estimate the impact of taxes on each firm, the authors choose to aggregate data to the country level. It should be noted, however, that it is somewhat unclear whether a link exists between GDP and manufacturing capital stock if industrial structure differs across countries. To the extent that GDP is a poor proxy of the output effect on the demand for manufacturing capital, this may give the average tax rate variable a greater role in the results than appropriate. Moreover, the concentration on manufacturing is a bit unfortunate since, in many countries, resource and service sectors are quite important and country tax systems reflect a particular industrial structure.
The variable capturing openness of the economy is not significant. I suspect that this results from the use of one year of data derived from a World Bank study when many countries throughout the 1980s and early 1990s substantially improved their openness, particularly in Latin America. Another approach would have been to use the difference in a real rate of interest comparable to the U.S. real rate (for example, bank loan rates that are obtainable from International Monetary Fund publications). This variable could be viewed as a measure of risk or credit market inefficiencies.
The general result, that capital is affected by the average tax rate with elasticities of more than 2, is rather surprising, given the level of aggregation. Studies that tend to aggregate data in the cost of capital literature often tend to find lower numbers, if at all significant. I believe that the strong tax effects on investment obtained from these studies result from unwelcome dependency of average tax rates on investment.
Endogeneity of Average Tax Rates
I have been critical of the use of average tax rates for investment equations in the past because the tax rates are endogenous to the investment decision. Higher investment or growth in capital stocks result in lower average tax rates, assuming that the statutory tax rate is greater than the average tax rate and that tax writeoffs for capital are greater than the economic costs of replacing capital. Therefore, in periods of sustained growth rates for firms, industries, or countries, average tax rates tend to fall when investment increases provided the previous two assumptions hold (and vice versa if the converse holds). The authors wisely anticipated this criticism and therefore used a number of proxies to avoid this endogeneitythese proxies included the statutory tax rates and a tax rate averaged for a period.
These attempts to deal with the limitations of average tax rates are important. Nonetheless, as discussed below, the average tax rates measured for a host country still are truly limited in application, and I will now discuss these issues more fully.
Complexities of Tax Systems and Limitations for the Use of Average Tax Rates
Trying to understand the corporate tax system for one country is difficult enough. Capital is affected not only by corporate income taxes but by a host of other taxes on capital-asset or net worth taxes (as is Canada, Germany, and Italy, for example), sales taxes on capital inputs (Canada and the United States), property taxes, and minimum taxes on profits, assets, turnover, or dividends. Although research has concentrated on the corporate income tax in that it is the largest tax, this is not the case in many countries. For example, in Canada, businesses in 1995 paid close to $19 billion in capital and property taxes and $18 billion in corporate income taxes.
Tax provisions require taking into account rates of tax and detailed aspects of the base, including the treatment of inventory costs, depreciation, interest expense (such as thin capitalization ratios), and losses. The treatment of losses for tax purposes is very important-a profitable corporation may not be paying tax at a point in time because of either current fast writeoffs in the tax system or of using up a bank of past losses reflecting past policies and economic circumstances. Thus, the average tax rate, once aggregated across firms, depends not only on current but also on past tax policy.
More complicated is the relationship between tax systems at the international level. A host country's tax rate influences not only U.S. investments but also the U.S. tax regime. Some of the prominent features include the following:
• The average tax rate for a particular country is not independent of other tax systems because U.S. tax considerations will affect the timing and source of remissions. A U.S. corporation pays tax on income remitted to the United States net of foreign tax credits abroad, and the average tax rate plays a role in determining the amount of the foreign tax credit. Although the United States uses a global tax credit and allows companies to aggregate sources of remitted income and foreign tax credits, restrictions are in place that limit the degree to which this is available, as in the case of interest from high-tax countries. These restrictions apply differently across countries and are further complicated by withholding tax regimes and thin capitalization and other rules in the host country. Generally, however, a firm can manipulate its credits by changing its remissions of types of income to the parent from abroad ). For example, when remitting dividends with excess credits, the parent can simultaneously remit other charges deductible from income in the host country to eliminate excess tax credits and to avoid paying U.S. tax on income. • Average tax rates will depend on past and current policies to remit income from subsidiaries to the U.S. parent. Prior to 1986, the foreign average tax rate could be blown up in years of remitting income by avoiding certain deductions (for example, losses, discretionary capital cost allowances, or tax credits) that would result in lower average tax rates during that year. The following year, the deductions would be claimed if no income was to be remitted, thereby lowering the average tax rate. After 1987, eligible earnings and profits and the foreign tax credit became related to accumulated earnings and taxes paid over time, thereby reducing the scope for manipulating tax credits and average tax rates in this manner. • An average tax rate in the host country does not capture the full impact of a subsidiary's decision on the taxes paid by the multinational. United States laws are complicated by allocation rules that could result in the allocation of certain costs to foreign source income-especially interest expense-thereby affecting the amount of U.S. tax paid on income earned in the United States. These rules, which require companies to allocate interest expense according the share of foreign to worldwide assets, became more stringent after 1986. Under alloca-tion, an investment decision by a subsidiary can affect the average tax rate in the host country as well as the U.S. tax rate on domestic income, as has been discussed (Altshuler and Mintz 1994) . • Average tax rates of a host country will also depend on the tax planning decisions of multinationals that link foreign tax considerations across a number of countries. Multinationals often use planning techniques, especially with respect to interest expense "double dipping," that can result in a reduction of both foreign and U.S. taxes. With multiple deductions for interest and other expenses, both U.S. and foreign taxes can be reduced, resulting in a lower effective tax rate in both host and home countries. Some of these arrangements have been facilitated by such past U.S. actions as the provision of limited liability partnership status. On the other hand, the United States in the past few years has aggressively limited some of these schemes that result in the reduction of U.S. and foreign taxes. Recent changes to the treatment of active and passive income, including the new "check-thebox" rules, will have a different impact on tax planning that is not yet fully known.
The Pitfalls of Using Average Tax Rates for Empirical Work
The previous discussion illustrates only some of the complications in the foreign and U.S. tax regimes that make one skeptical about using average corporate income tax rates in a host country to determine the impact of tax on investment. More specifically, I would suggest that the results in the paper by Altshuler, Grubert, and Newlon may be overstated for the following possible reasons:
1. Investment depends on other features of a host country's tax system besides the corporate income tax. One does not know if the inclusion of other taxes might have resulted in better or less precise estimates (elasticities could be lower in value as a result). For example, there is not a significant difference between U.S. and Canadian manufacturing corporate income tax provisions-the corporate income tax rates and the present value of tax depreciation rates are similar. However, Canadian average tax rates on manufacturing are higher than those found in the United States, once capital taxes, sales tax on capital inputs, and property taxes are included in the comparison.
2. The average corporate income tax rate for a host country does not take into account the impact of the subsidiary's decisions on corporate income taxes paid by the United States on investments abroad or in the United States. As remarked earlier, the interest allocation rules alone and international double-dipping arrangements are examples whereby the subsidiary's investment decision can impact other taxes paid, not just those to the host country. Also, when the parent is in a deficient tax credit position, the parent's taxes on remitted income will be affected by the subsid-iary's decisions. In principle one should be measuring a total average tax rate that incorporates the effects of both host and other taxes paid by the U.S. multinational. The bias introduced by leaving out the impact of subsidiary decisions on the overall taxes paid by the multinational is not clear.
3. There seems to be no incorporation of the dramatic changes in the U.S. treatment of foreign income since 1986, including interest allocation rules and foreign tax credit limitations. One would have expected these rules to result in a reduction of foreign tax credits as indicated by the data. I would suspect that parents with excess credits in 1986 would have responded differently and tried to reduce their average tax rates abroad. This and other factors such as leveraged buyouts in the United States could have resulted in a divestment of capital investment and remissions to the parent (thereby resulting in an increasingly negative correlation between average tax rates and capital). Moreover, prior to 1986, many companies, when remitting income back to the U.S. parent, often reduced their reliance on capital investment abroad and blew up their average tax rates in those years. The average corporate income tax rate measure for a host country therefore may overstate the negative correlation between capital investment and taxes.
4. The aggregation of taxes and profits in a country masks the role of tax losses in affecting investment decisions. Since losses have a value in reducing taxes at some point through loss carryforwards (assuming that carrybacks have already been reflected in tax payments), the average tax rate may be overstated in a particular year because taxes should be reduced by the reduced taxes of other years. This is particularly important for cyclesduring downturns, when investment slows down, average tax rates aggregated across firms tend to rise, and during upturns, average tax rates tend to be lower when losses are being written off. Although the authors use time-averaged or lagged effective tax rates, it would seem that the 1982, 1990, and 1992 effective tax rates are somewhat high and that a bias may be introduced exaggerating the effects of taxes on investment.
5. Many studies of foreign investment suggest that the anticipated changes in exchange rates can have a significant impact on investment. If a host country's exchange rate is expected to devalue, investment decisions could be discouraged while an anticipated revaluation would attract more capital. If a country's exchange rate declines, a parent may choose to reduce capital expenditures and remit more dividends out of the country for several years-average tax rates may rise during a period when income is remitted.
Conclusion
As I have tried to illustrate, the use of average corporate income tax rates for a host country in an investment equation may result in a biased estimate of the impact of taxes on investment. The foremost problem is that the average tax rate depends on current and past investment decisions that tend to overstate the impact of taxes on investment. Moreover, many institutional features of the tax system are not incorporated in the measure of the average tax rate. These include the impact of losses in affecting the value of taxes paid in the host country or abroad, the effect of timing of remissions to the parent on average tax rates, and other tax-planning schemes.
The alternative for investment studies is to use the effective tax rate on marginal investments, which may be defined as the amount of tax paid on income earned by the last unit of capital held by the firm. Marginal effective tax rates, in principle, can be derived from a theoretical model that incorporates most of the important features of corporate tax systems, including minimum taxes, tax losses, capital taxes, and home-country taxes on remitted earnings. Theoretically, the marginal effective tax rate is a superior measure because it better characterizes the effect of taxes on capital decisions. However, one could criticize this tax rate measure since it is often difficult to obtain data to incorporate important institutional features in estimates of marginal effective tax rates; yet one should not jump to the conclusion that average tax rates are necessarily any better than marginal effective tax rates. If a complete set of data were available, it would seem that the marginal effective tax rate is clearly the appropriate statistic to use in an investment equation.
